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Recent years have witnessed an explosion of interest focused on
the interplay of emotion and cognition (Pessoa, 2013; Braver
et al., 2014; Dolcos and Denkova, 2014). The goal of our Special
Research Topic was to survey recent advances in understand-
ing how emotional and cognitive processes interact, how they
are integrated in the brain, and the implications for understand-
ing the mind and its disorders. Investigators from across North
America, Israel, and Europe contributed 19 original empirical
reports as well as 15 commentaries and theoretical reviews. Their
work encompasses a broad spectrum of populations and show-
cases a wide variety of paradigms, measures, analytic strategies,
and conceptual approaches. Already (August 2014), the 34 con-
tributions to this Special Topic have been viewed on the Frontiers
website more than 70,000 times, shared or posted to social media
networks more than 16,000 times, and cited nearly 90 times.
While reading, posting, sharing, and citing are undoubtedly help-
ful, active debate provides a more direct means of sharpening
constructs, clarifying boundary conditions, articulating unspo-
ken assumptions, identifying soft spots in the evidentiary record,
and refining models. We agree with Kenrick and Funder’s sugges-
tion that, “science best progresses through multiple and mutually
critical attempts to understand the same problem. When camps
with. . . opposing sets of biases manage to come to some level
of agreement, we may be more confident of the validity of the
conclusions that are agreed upon” (Kenrick and Funder, 1988,
p. 32). In this regard, we were pleased to see Proudfit (Proudfit
et al., 2013) and Moser (Moser et al., 2013) vigorously debate the
integration of anxiety and cognitive control.
The research embodied in this Special Research Topic under-
scores the tremendous progress made in our understanding of
emotion-cognition interactions. In particular, this work demon-
strates that emotional cues and states can profoundly influence
key elements of cognition, including attention (Holtmann et al.,
2013; Kessel et al., 2013; Mchugo et al., 2013; Mohanty and
Sussman, 2013; Morriss et al., 2013; Peers et al., 2013; Stollstorff
et al., 2013), working memory (Clarke and Johnstone, 2013;
Iordan et al., 2013; Robinson et al., 2013b; Stout et al., 2013;
Vytal et al., 2013), cognitive control (Kalanthroff et al., 2013;
Proudfit et al., 2013; Robinson et al., 2013a), reinforcement learn-
ing (Berghorst et al., 2013), and various kinds of mood-congruent
information processing (van Dessel and Vogt, 2012; Harle et al.,
2013; Schick et al., 2013). Several contributors provided evi-
dence that mood can have enduring consequences for cognition
(Morriss et al., 2013; Vaisvaser et al., 2013), perhaps reflecting
the comparatively slow dynamics of catecholamine and hormonal
neurochemistry (Sacher et al., 2013; Shansky and Lipps, 2013).
These and other molecular pathways may also help to explain the
impact of emotional traits on cognition (Berggren et al., 2013;
Kessel et al., 2013; Moser et al., 2013; Proudfit et al., 2013).
A number of contributors provided exciting new evidence
that circuits involved in attention, executive control, and working
memory play a central role in emotion and emotion regulation
(Aue et al., 2013; Clarke and Johnstone, 2013; Iordan et al., 2013;
Peers et al., 2013; Rolls, 2013; Sheppes and Levin, 2013; Stollstorff
et al., 2013). Several contributors provided evidence that puta-
tively emotional and cognitive regions can influence one another
via complex webs of connections in ways that jointly contribute
to adaptive andmaladaptive behavior (John et al., 2013; Morrison
et al., 2013; Rolls, 2013). Taken together, this research suggests
that emotion and cognition are deeply interwoven in the fabric
of the brain (Dreisbach and Fischer, 2012; Crocker et al., 2013;
Mcdermott et al., 2013; Moser et al., 2013; Proudfit et al., 2013;
Warren et al., 2013).
Despite this progress, a number of important challenges
remain. We address these challenges in more detail in the accom-
panying review (Okon-Singer et al., 2015). Future work aimed at
developing a deeper understanding of the interplay of emotion
and cognition is a matter of practical as well as theoretical impor-
tance. Many of the most common, costly, and challenging to treat
neuropsychiatric disorders—anxiety, depression, schizophrenia,
substance abuse, chronic pain, autism, and so on—involve promi-
nent disturbances of both cognition and emotion (Millan, 2013),
suggesting that they can be conceptualized as disorders of the
emotional-cognitive brain (Shackman et al., in press). These dis-
orders impose a larger burden on public health and the global
economy than either cancer or cardiovascular disease (Collins
et al., 2011; Diluca and Olesen, 2014; Whiteford, 2014), under-
scoring the importance of accelerating efforts to understand the
neural systems underlying the interaction and the integration of
emotion and cognition.
Frontiers in Human Neuroscience www.frontiersin.org January 2015 | Volume 8 | Article 1051 | 1
HUMAN NEUROSCIENCE
Okon-Singer et al. The neurobiology of emotion-cognition interactions
AUTHOR CONTRIBUTIONS
All the authors contributed to co-editing the Special Research
Topic. Hadas Okon-Singer and Alexander J. Shackman wrote the
paper. All the authors edited and revised the paper.
ACKNOWLEDGMENTS
We thank the many contributors and staff who made the Special
Research Topic possible. We acknowledge the assistance of L.
Friedman and support of the European Commission (#334206
to Hadas Okon-Singer and #602186 to Talma Hendler), National
Institute ofMental Health (MH071589 to Luiz Pessoa), University
of Maryland (Alexander J. Shackman and Luiz Pessoa), and Israeli
Center of Research Excellence and Israeli Science Foundation
(51/11 to TalmaHendler). Authors declare no conflicts of interest.
REFERENCES
Aue, T., Hoeppli, M. E., Piguet, C., Sterpenich, V., and Vuilleumier, P. (2013).
Visual avoidance in phobia: particularities in neural activity, autonomic
responding, and cognitive risk evaluations. Front. Hum. Neurosci. 7:194. doi:
10.3389/fnhum.2013.00194
Berggren, N., Richards, A., Taylor, J., and Derakshan, N. (2013). Affective
attention under cognitive load: reduced emotional biases but emergent
anxiety-related costs to inhibitory control. Front. Hum. Neurosci. 7:188. doi:
10.3389/fnhum.2013.00188
Berghorst, L. H., Bogdan, R., Frank, M. J., and Pizzagalli, D. A. (2013). Acute
stress selectively reduces reward sensitivity. Front. Hum. Neurosci. 7:133. doi:
10.3389/fnhum.2013.00133
Braver, T. S., Krug, M. K., Chiew, K. S., Kool, W., Westbrook, J. A., Clement, N. J.,
et al. (2014). Mechanisms of motivation-cognition interaction: challenges and
opportunities. Cogn. Affect. Behav. Neurosci. 14, 443–472. doi: 10.3758/s13415-
014-0300-0
Clarke, R., and Johnstone, T. (2013). Prefrontal inhibition of threat process-
ing reduces working memory interference. Front. Hum. Neurosci. 7:228. doi:
10.3389/fnhum.2013.00228
Collins, P. Y., Patel, V., Joestl, S. S., March, D., Insel, T. R., Daar, A. S., et al.
(2011). Grand challenges in global mental health. Nature 475, 27–30. doi:
10.1038/475027a
Crocker, L. D., Heller, W., Warren, S. L., O’Hare, A. J., Infantolino, Z. P., and Miller,
G. A. (2013). Relationships among cognition, emotion, and motivation: impli-
cations for intervention and neuroplasticity in psychopathology. Front. Hum.
Neurosci. 7:261. doi: 10.3389/fnhum.2013.00261
Diluca, M., and Olesen, J. (2014). The cost of brain diseases: a burden or a
Challenge? Neuron 82, 1205–1208. doi: 10.1016/j.neuron.2014.05.044
Dolcos, F., and Denkova, E. (2014). Current emotion research in cognitive neuro-
science: linking enhancing and impairing effects of emotion on cognition. Emot.
Rev. 6, 362–375. doi: 10.1177/1754073914536449
Dreisbach, G., and Fischer, R. (2012). The role of affect and reward in the conflict-
triggered adjustment of cognitive control. Front. Hum. Neurosci. 6:342. doi:
10.3389/fnhum.2012.00342
Harle, K. M., Shenoy, P., and Paulus, M. P. (2013). The influence of emotions
on cognitive control: feelings and beliefs-where do they meet? Front. Hum.
Neurosci. 7:508. doi: 10.3389/fnhum.2013.00508
Holtmann, J., Herbort, M. C., Wustenberg, T., Soch, J., Richter, S., Walter, H.,
et al. (2013). Trait anxiety modulates fronto-limbic processing of emotional
interference in borderline personality disorder. Front. Hum. Neurosci. 7:54. doi:
10.3389/fnhum.2013.00054
Iordan, A. D., Dolcos, S., and Dolcos, F. (2013). Neural signatures of the response to
emotional distraction: a review of evidence from brain imaging investigations.
Front. Hum. Neurosci. 7:200. doi: 10.3389/fnhum.2013.00200
John, Y. J., Bullock, D., Zikopoulos, B., and Barbas, H. (2013). Anatomy and com-
putational modeling of networks underlying cognitive-emotional interaction.
Front. Hum. Neurosci. 7:101. doi: 10.3389/fnhum.2013.00101
Kalanthroff, E., Cohen, N., and Henik, A. (2013). Stop feeling: inhibition of emo-
tional interference following stop-signal trials. Front. Hum. Neurosci. 7:78. doi:
10.3389/fnhum.2013.00078
Kenrick, D. T., and Funder, D. C. (1988). Profiting from controversy. Lessons
from the person-situation debate. Am. Psychol. 43, 23–34. doi: 10.1037/0003-
066X.43.1.23
Kessel, E. M., Huselid, R. F., Decicco, J. M., and Dennis, T. A. (2013).
Neurophysiological processing of emotion and parenting interact to predict
inhibited behavior: an affective-motivational framework. Front. Hum. Neurosci.
7:326. doi: 10.3389/fnhum.2013.00326
Mcdermott, J. M., Troller-Renfree, S., Vanderwert, R., Nelson, C. A., Zeanah, C. H.,
and Fox, N. A. (2013). Psychosocial deprivation, executive functions, and the
emergence of socio-emotional behavior problems. Front. Hum. Neurosci. 7:167.
doi: 10.3389/fnhum.2013.00167
Mchugo, M., Olatunji, B. O., and Zald, D. H. (2013). The emotional atten-
tional blink: what we know so far. Front. Hum. Neurosci. 7:151. doi:
10.3389/fnhum.2013.00151
Millan, M. J. (2013). An epigenetic framework for neurodevelopmental disor-
ders: from pathogenesis to potential therapy. Neuropharmacology 68, 2–82. doi:
10.1016/j.neuropharm.2012.11.015
Mohanty, A., and Sussman, T. J. (2013). Top-down modulation of attention by
emotion. Front. Hum. Neurosci. 7:102. doi: 10.3389/fnhum.2013.00102
Morrison, I., Perini, I., and Dunham, J. (2013). Facets and mechanisms of adaptive
pain behavior: predictive regulation and action. Front. Hum. Neurosci. 7:755.
doi: 10.3389/fnhum.2013.00755
Morriss, J., Taylor, A. N., Roesch, E. B., and Van Reekum, C. M. (2013). Still feeling
it: the time course of emotional recovery from an attentional perspective. Front.
Hum. Neurosci. 7:201. doi: 10.3389/fnhum.2013.00201
Moser, J. S., Moran, T. P., Schroder, H. S., Donnellan, M. B., and Yeung,
N. (2013). On the relationship between anxiety and error monitoring: a
meta-analysis and conceptual framework. Front. Hum. Neurosci. 7:466. doi:
10.3389/fnhum.2013.00466
Okon-Singer, H., Hendler, T., Pessoa, L., and Shackman, A. J. (2015). The neurobi-
ology of emotion-cognition interactions: fundamental questions and strategies
for future research. Front. Hum. Neurosci. 9:58. doi: 10.3389/fnhum.2015.00058
Peers, P. V., Simons, J. S., and Lawrence, A. D. (2013). Prefrontal control of attention
to threat. Front. Hum. Neurosci. 7:24. doi: 10.3389/fnhum.2013.00024
Pessoa, L. (2013). The Cognitive-Emotional Brain: From Interactions to Integration.
Cambridge, MA: MIT Press.
Proudfit, G. H., Inzlicht, M., andMennin, D. S. (2013). Anxiety and error monitor-
ing: the importance of motivation and emotion. Front. Hum. Neurosci. 7:636.
doi: 10.3389/fnhum.2013.00636
Robinson, O. J., Krimsky, M., and Grillon, C. (2013a). The impact of
induced anxiety on response inhibition. Front. Hum. Neurosci. 7:69. doi:
10.3389/fnhum.2013.00069
Robinson, O. J., Vytal, K., Cornwell, B. R., and Grillon, C. (2013b). The impact of
anxiety upon cognition: perspectives from human threat of shock studies. Front.
Hum. Neurosci. 7:203. doi: 10.3389/fnhum.2013.00203
Rolls, E. T. (2013). A biased activation theory of the cognitive and attentional
modulation of emotion. Front. Hum. Neurosci. 7:74. doi: 10.3389/fnhum.2013.
00074
Sacher, J., Okon-Singer, H., and Villringer, A. (2013). Evidence from neuroimaging
for the role of the menstrual cycle in the interplay of emotion and cognition.
Front. Hum. Neurosci. 7:374. doi: 10.3389/fnhum.2013.00374
Schick, A., Wessa, M., Vollmayr, B., Kuehner, C., and Kanske, P. (2013). Indirect
assessment of an interpretation bias in humans: neurophysiological and behav-
ioral correlates. Front. Hum. Neurosci. 7:272. doi: 10.3389/fnhum.2013.00272
Shackman, A. J., Fox, A. S., and Seminowicz, D. A. (in press). The cognitive-
emotional brain: opportunities and challenges for understanding neuropsychi-
atric disorders. Behav. Brain Sci.
Shansky, R. M., and Lipps, J. (2013). Stress-induced cognitive dysfunction:
hormone-neurotransmitter interactions in the prefrontal cortex. Front. Hum.
Neurosci. 7:123. doi: 10.3389/fnhum.2013.00123
Sheppes, G., and Levin, Z. (2013). Emotion regulation choice: selecting between
cognitive regulation strategies to control emotion. Front. Hum. Neurosci. 7:179.
doi: 10.3389/fnhum.2013.00179
Stollstorff, M., Munakata, Y., Jensen, A. P., Guild, R. M., Smolker, H. R.,
Devaney, J. M., et al. (2013). Individual differences in emotion-cognition
interactions: emotional valence interacts with serotonin transporter geno-
type to influence brain systems involved in emotional reactivity and
cognitive control. Front. Hum. Neurosci. 7:327. doi: 10.3389/fnhum.2013.
00327
Frontiers in Human Neuroscience www.frontiersin.org January 2015 | Volume 8 | Article 1051 | 2
Okon-Singer et al. The neurobiology of emotion-cognition interactions
Stout, D. M., Shackman, A. J., and Larson, C. L. (2013). Failure to filter: anxious
individuals show inefficient gating of threat fromworkingmemory. Front. Hum.
Neurosci. 7:58. doi: 10.3389/fnhum.2013.00058
Vaisvaser, S., Lin, T., Admon, R., Podlipsky, I., Greenman, Y., Stern, N., et al.
(2013). Neural traces of stress: cortisol related sustained enhancement of
amygdala-hippocampal functional connectivity. Front. Hum. Neurosci. 7:313.
doi: 10.3389/fnhum.2013.00313
van Dessel, P., and Vogt, J. (2012). When does hearing laughter draw atten-
tion to happy faces? Task relevance determines the influence of a crossmodal
affective context on emotional attention. Front. Hum. Neurosci. 6:294. doi:
10.3389/fnhum.2012.00294
Vytal, K. E., Cornwell, B. R., Letkiewicz, A. M., Arkin, N. E., and Grillon,
C. (2013). The complex interaction between anxiety and cognition: insight
from spatial and verbal working memory. Front. Hum. Neurosci. 7:93. doi:
10.3389/fnhum.2013.00093
Warren, S. L., Crocker, L. D., Spielberg, J. M., Engels, A. S., Banich, M. T.,
Sutton, B. P., et al. (2013). Cortical organization of inhibition-related func-
tions and modulation by psychopathology. Front. Hum. Neurosci. 7:271. doi:
10.3389/fnhum.2013.00271
Whiteford, H. (2014). Does our advocacy need a crisis to be effective? Aust. N.Z. J.
Psychiatry 48, 871–872. doi: 10.1177/0004867414547841
Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
Received: 14 November 2014; accepted: 16 December 2014; published online: 30
January 2015.
Citation: Okon-Singer H, Hendler T, Pessoa L and Shackman AJ (2015) Introduction
to the special research topic on the neurobiology of emotion-cognition interactions.
Front. Hum. Neurosci. 8:1051. doi: 10.3389/fnhum.2014.01051
This article was submitted to the journal Frontiers in Human Neuroscience.
Copyright © 2015 Okon-Singer, Hendler, Pessoa and Shackman. This is an open-
access article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
Frontiers in Human Neuroscience www.frontiersin.org January 2015 | Volume 8 | Article 1051 | 3
